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background:  Molecular mechanisms of atrial fibrillation (AF) and the role of mitochondria in this process are not known. We hypothesized 
that mitochondrial dysfunction precedes the initiation and the progression of AF by generating oxidative and metabolic stress in atrial 
myocardium and triggering electro-anatomical remodeling.
Methods:  To determine whether mitochondrial pathways were disrupted in AF, mitochondrial function and structure were studied with multi 
parametric approach in sinus rhythm (SR), paroxysmal AF (PAF) and persistent AF (PersAF). A novel mouse model of AF (cardiac specific 
LKB1 knockout (KO) mice) was used in this study and compared to wild type (WT) mice. LKB1 KO mice developed spontaneous AF (95%) 
by 12 weeks of age.
results:  The protein complexes of the mitochondrial electron transport chain were significantly disrupted in KO atria including succinate 
dehydrogenase (complex II; 0.77±0.07 vs 3.54±0.16 AU) and cytochrome c oxidase (complex IV; 0.23±0.05 vs 1.95±0.4 AU) (all p<0.05) 
(KO vs WT, respectively). The amount of mitochondrial proteins in matrix, inner and outer membrane were lower in KO atria (pyruvate 
dehydrogenase: 0.64±0.1 vs 2.7±0.47, prohibitin 1: 0.14±0.03 vs 0.47±0.03, cytochrome c: 0.47±0.06 vs 2.54±0.15, voltage-dependent 
anion channel; 0.2±0.03 vs 1.37±0.16) (all p<0.05). Impairment began in SR and progressively deteriorated in PAF and in PersAF. 
Mitochondria generated more reactive oxygen species (H2O2: 13.6±0.7 vs 4.2±1 and superoxide 6.51±0.9 vs 1.58±0.33) and activated 
apoptosis with caspase 3/9 (p<0.05). Myocyte necrosis, apoptosis (6 fold more) and fibrosis (34%) occurred in AF. Electron microscopy 
showed smaller mitochondria with disrupted membranes and matrix. As a result, KO hearts developed severe biatrial enlargement with 
structural and electrical remodeling.
conclusion:  The molecular mechanism of AF includes mitochondrial dysfunction. Initiation and progression of AF is associated with 
oxidative and metabolic stress as a result of impaired mitochondrial pathways. Preservation of functional and structural integrity of 
mitochondria is a novel therapeutic strategy for primary and secondary prevention of AF.
